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RESUMO 
A soja (Glycine max (L.): Fabaceae) é considerada a cultura agrícola mais importante para o 
agronegócio brasileiro. Diferentes herbívoros podem alcançar o nível de praga, sendo os 
tetraniquídeos Mononychellus planki McGregor, Tetranychus ludeni Zacher e Tetranychus 
urticae Koch considerados pragas na cultura recentemente. Neoseiulus idaeus Denmark & 
Muma é um dos principais ácaros predadores na cultura da soja do estado do Rio Grande do 
Sul. Este estudo tem como objetivo investigar o potencial de N. idaeus, como inimigo natural 
de T. urticae, T. ludeni e M. planki na cultura da soja transgênica na região Noroeste do 
estado do Rio Grande do Sul. Inicialmente foi avaliado o desempenho biológico de N. idaeus 
quando alimentado com os três fitófagos onde ovos do predador foram individualizados em 
arenas com as diferentes presas. Para avaliar a preferência alimentar foram individualizados 
em gaiolas cinco espécimes de cada um dos fitófagos com a possibilidade de escolha do 
predador. Para o teste de preferência para estádios da presa e taxa de predação foram 
individualizados em arenas predadores e oferecidos como alimentos diferentes estádios da 
presa, durante os estádios imaturos de N. idaeus foram realizadas observações para monitorar 
a sobrevivência do predador e garantir a disponibilidade de alimento ao longo do período de 
estudo. Para todos os testes foram realizadas 30 repetições. No estudo da biologia, a duração 
média de ovo-adulto do predador foi semelhante utilizando as três presas como alimento. A 
viabilidade da fêmea foi de 90% quando alimentadas com M. planki e 100% com T. ludeni e 
T. urticae. A fecundidade média, a duração média de cada geração (T), a taxa líquida de 
reprodução (Ro) e a capacidade de aumento em número (Rm) de N. idaeus foi menor quando 
alimentado com M. planki, e maior quando alimentado com T. ludeni e T. urticae. Quanto à 
preferência alimentar Neoseiulus idaeus preferiu T. urticae quando oferecido T. ludeni e M. 
planki e preferiu T. ludeni quando avaliado com M. planki. Quanto ao local para oviposição a 
preferência por T. urticae foi observada quando oferecidos T. ludeni ou M. planki. Entretanto, 
quando oferecido T. ludeni e M. planki preferiu T. ludeni. Em todos os estádios imaturos e 
quando adulto, N. idaeus preferiu ovos de T. urticae. Nos estádios de protoninfas, deutoninfas 
e adulto também consumiu larvas e ninfas. Somente no estádio adulto este predador consumiu 
presas adultas. A taxa de predação total para ovos, larvas, ninfas e adultos de T. urticae foi 
respectivamente de 55,90%, 14,34%, 22,11% e 7,65%. A duração média de vida das fêmeas 
desse predador foi de 16,07 dias, período em que consumiram 3,05 presas/fêmea/dia. Os 
resultados do teste biológico demonstra que T. ludeni e T. urticae são presas adequadas para 
  
N. idaeus enquanto M. planki foi menos adequada. No entanto, N. idaeus atingiu a fase ovo-
adulta, apresentando um rápido ciclo de vida quando alimentado apenas com M. planki. As 
populações de N. idaeus são capazes de se alimentar e completar seus estádios de 
desenvolvimento com as três presas de ácaros fitófagos. M. planki demonstrou ser presa 
menos adequada a este predador do que T. ludeni e T. urticae e N. idaeus tem potencial para 
ser utilizado em programa de controle biológico aplicado de T. urticae. 
Palavras-chave: Acarofauna. Mononychellus planki. Tetranychus urticae. Glycine max. 
Controle biológico aplicado.  
  
 
ABSTRACT 
Soybean (Glycine max (L.): Fabaceae) is considered the most important agricultural crop in 
the Brazilian agribusiness. Different herbivores might rise to pest status, and tetranychidae 
Mononychellus planki McGregor, Tetranychus ludeni Zacher, and Tetranychus urticae Koch 
have recently been considered pests of this crop. Neoseiulus idaeus Denmark & Muma is one 
of the top predatory mites in soybean crops in the state of Rio Grande do Sul. This study 
which aim to investigate the potential of N. idaeus as a natural enemy of T. urticae, T. ludeni, 
and M. planki in soybean crops in the Northwest region of the state of Rio Grande do Sul. The 
biological performance of N. idaeus was initially assessed when it fed on the three 
phytophagous mites; predator eggs were separated in arenas with different prey species. In 
order to analyze feeding preference, five specimens of each phytophagous mite were placed in 
each cage so that the predator could choose between prey species. In order to test prey-stage 
preference and predation rate, predators were separated in cages and were offered several prey 
stages as food. During the immature stages of N. idaeus, observations were performed to 
monitor predator survival and ensure food availability throughout the study period. Thirty 
replicates were performed for all tests. Regarding biological development, mean predator egg-
adult period was similar using the three prey species as food. Female viability was 90% when 
N. idaeus fed on M. planki and it was 100% with T. ludeni and T. urticae. Mean fecundity, 
mean duration of each generation (T), net reproduction rate (Ro), and capacity to increase in 
numbers (Rm) of N. idaeus were lower when it fed on M. planki, and higher when it fed on T. 
ludeni and T. urticae. Regarding feeding preference, Neoseiulus idaeus preferred T. urticae 
over T. ludeni and M. planki, and it preferred T. ludeni over M. planki. Regarding oviposition 
site, the preference for T. urticae was observed when T. ludeni or M. planki were offered. 
However, when offered T. ludeni and M. planki, N. idaeus preferred T. ludeni. In all immature 
stages and as adults, N. idaeus preferred T. urticae eggs. In the protonymph, deutonymph, and 
adult stages it also consumed larvae and nymphs. Only adults of this predator consumed adult 
prey. The total predation rates for eggs, larvae, nymphs, and adults of T. urticae were 55.9%, 
14.34%, 22.11%, and 7.65%, respectively. The average lifespan of females of this predator 
was 16.07 days, period when they consumed 3.05 prey/female/day. Biological test results 
show that T. ludeni and T. urticae are suitable prey for N. idaeus while M. planki is not as 
suitable. However, when feeding only on M. planki, N. idaeus had a shorter egg-adult 
duration, thus showing a short life cycle. Populations of N. idaeus are capable of feeding on 
the three phytophagous mites, which allowed this predatory mite to complete its development 
  
stages. M. planki proved to be a less adequate prey for this predator than T. ludeni and T. 
urticae, and N. idaeus has potential to be used in applied biological control programs for T. 
urticae. 
Key words: Acarofauna. Mononychellus planki. Tetranychus urticae. Glycine max. Applied 
biological control. 
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APRESENTAÇÃO 
A soja (Glycine max (L.) Merril: Fabaceae) é uma das principais culturas do 
agronegócio brasileiro, sendo o Brasil um dos maiores produtores mundiais do grão, com 
produção de aproximadamente 95 milhões de toneladas na safra de 2015/2016 (CONAB, 
2016). O estado do Rio Grande do Sul sofre com diferenças edafoclimáticas que resultam em 
variabilidade no rendimento desta cultura. Na safra de 2015/2016, a área de plantio no estado 
atingiu 5,4 milhões de hectares e produção em torno de 16,2 milhões de toneladas, 
correspondendo a 17% da produção nacional de soja (CONAB, 2016). 
No monocultivo, tratos culturais convencionais, eliminação de plantas espontâneas, 
áreas tratadas com diferentes tipos de agrotóxicos, além de colheitas tem um efeito destrutivo, 
fazendo com que faltem aos sistemas muitos dos recursos essenciais para a sobrevivência e 
reprodução das espécies que são predadoras naturais e favorecem o desenvolvimento de 
populações pragas (ALTIERI, 2003). A cultura da soja está sujeita, durante todo o seu ciclo, 
ao ataque de diferentes espécies de herbívoros que podem alcançar níveis de pragas. Embora a 
maioria delas tenham suas populações reduzidas por predadores, parasitóides e outros, em 
níveis dependentes das condições ambientais e do manejo de pragas que se pratica, quando 
atingem populações elevadas, capazes de causar perdas significativas no rendimento da 
cultura, necessitam ser controlados (DALL´AGNOL et al., 2010). 
Dentre os artrópodes destacam-se insetos e ácaros como pragas importantes pelos 
danos que causam e pela necessidade de aplicação de estratégias de manejo e controle 
(GUEDES, 2000). Ácaros caracterizam-se como um táxon importante nos sistemas 
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agroecológicos. Segundo Moraes e Flechtmann (2008), várias espécies de ácaros são 
consideradas pragas severas de diversos cultivos, o que faz o estudo destes, imprescindível 
para o desenvolvimento de técnicas de manejo agrícola adequadas.  
Os ácaros eram reportados como pragas esporádicas na soja, entretanto, a ocorrência 
de ácaros tem ganhado importância, tanto pelos danos à cultura quanto pela necessidade de 
uso de controle químico (GUEDES et al., 2007). As perdas causadas pelo ataque de ácaros na 
cultura da soja são significativas (FREITAS BUENO et al., 2009) e, mesmo em baixas 
densidades populacionais, os ácaros fitófagos podem prejudicar a capacidade fotossintética da 
planta, notada principalmente pelo fechamento estomático. Pode ocorrer redução média de 
aproximadamente 270 kg/há em áreas sem controle de ácaros (ARNEMMANN et al., 2006). 
A maioria dos ácaros fitófagos de importância econômica na cultura da soja pertence à 
Tetranychidae, sendo relatadas mais de 24 espécies na cultura em todo o mundo (GUEDES et 
al., 2007). No Brasil, são relatados Mononychellus planki McGregor, Tetranychus urticae 
Koch, Tetranychus desertorum Banks, Tetranychus ludeni Zacher e Tetranychus gigas 
Pritchard; Baker (NÁVIA; FLECHTMANN, 2004; GUEDES et al., 2007). No Cerrado 
Brasileiro foram encontradas 30 espécies pertencentes a 13 famílias e M. planki foi citado 
como a espécie mais abundante e frequente daquele bioma (REZENDE, 2011). 
Na região Noroeste do estado do Rio Grande do Sul foram realizados levantamentos 
em soja transgênica, com e sem irrigação e em soja convencional. Foram encontradas cinco 
famílias, nove gêneros e 12 espécies distintas, destacando-se os tetraniquídeos M. planki, T. 
ludeni e T. urticae, ainda neste estudo também foi verificada a presença de ácaros em plantas 
de borda onde foram encontradas 25 espécies das quais seis são de ácaros de hábitos fitófagos 
e 19 de predadores (REICHERT, 2013). 
Os ácaros predadores são considerados efetivos agentes de controle biológico de 
ácaros fitófagos em sistemas agrícolas (GERSON et al., 2003). A preservação dos inimigos 
naturais por meio da manipulação do ambiente, através da preservação do habitat e fontes de 
alimento alternativas e do uso de agroquímicos seletivos, aliada à liberação de ácaros 
predadores reduz rapidamente os ácaros fitófagos a níveis abaixo do dano (ANDRADE-
BERTOLO et al., 2011). A utilização do controle biológico como medida de controle de 
ácaros tem apresentado resultados altamente satisfatórios em várias regiões do mundo. 
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Os ácaros predadores mais importantes na cultura da soja pertencem aos Phytoseiidae 
(GUEDES et al., 2007), sendo estes comumente associados ao controle de tetraniquídeos 
(CHANT; MCMURTRY, 2007). Poucas espécies de fitoseídeos são citadas para a cultura da 
soja no Rio Grande do Sul, Phytoseiulus fragariae Denmark & Schichae, Typhlodromalus 
aripo DeLeon (GUEDES et al., 2007), Galendromus annectens DeLeon, Neoseiulus 
anonymus Chant & Baker, Neoseiulus californicus McGregor, Phytoseiulus macropilis 
(Banks), Proprioseiopsis cannaensis (Muma) (ROGGIA, 2008). No levantamento realizado 
por Reichert et al. (2014) na região Noroeste do estado foram encontrados N. anonymus, N. 
californicus, Neoseiulus idaeus Denmark & Muma, P. fragariae e Proprioseiopsis 
neotropicus (Ehara). 
Neoseiulus idaeus, encontrado na cultura da soja pela primeira vez no estado do Rio 
Grande do Sul, foi a espécie mais comum encontrada em plantações de soja convencional e 
transgênica, sendo citado como ácaro predador associado a T. urticae e M. planki 
(REICHERT, 2013). Testes realizados na cultura de pepino demonstraram que N. idaeus 
controla populações de T. urticae (MORAES et al., 1994). 
Os desequilíbrios ambientais causados pelo uso indiscriminado de agroquímicos têm 
acarretado um aumento da população de ácaros fitófagos nas culturas comerciais em todo o 
mundo (VAN DE VRIE, 1985). As opções de tratamentos convencionais são os acaricidas 
específicos ou inseticidas-acaricidas (WATANABE et al., 1994). Em muitos casos, porém, 
este controle é ineficiente, principalmente devido ao desenvolvimento de populações do ácaro 
com resistência aos acaricidas. O uso de pesticidas também pode contribuir para o 
reaparecimento de ácaros, devido à eliminação dos inimigos naturais (VAN DE VRIE et al., 
1972). Alguns dos elementos causadores do desenvolvimento de populações resistentes são as 
aplicações contínuas de pesticidas, a elevação da dosagem do produto e a substituição de 
produto, geralmente por outro de maior toxicidade (GEORGHIOU, 1983). 
A utilização de métodos de controle alternativo, como o controle biológico, através 
do uso de ácaros predadores para combater os ácaros fitófagos em sistemas agrícolas, é um 
componente importante no manejo integrado de pragas. De acordo com Parra et al. (2002), o 
controle biológico é importante em programas de manejo integrado de pragas (MIP), 
principalmente quando se quer uma agricultura sustentável. Ácaros predadores são 
frequentemente encontrados associados a ácaros fitófagos em culturas anuais e perenes, assim 
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como em vegetações nativas (FERLA; MORAES, 2002). A crescente conscientização da 
necessidade de preservação do meio ambiente e das exigências da população por uma 
alimentação saudável e com qualidade tem potencializado a produção orgânico-ecológica de 
alimentos (EHLERS, 1999). Além disso, os altos custos da agricultura convencional têm 
levado vários agricultores a repensar sua forma de produzir. Muitos agricultores, excluídos do 
atual modelo agrícola dominante, têm encontrado nas técnicas e princípios da agricultura 
orgânica uma forma de viabilizar economicamente sua pequena propriedade, permitindo, 
assim, um padrão de vida melhor no campo (ORMOND, 2002).  
Os estudos de preferência de predador são importantes para tomada de decisão no 
momento da liberação para controlar pragas no campo. Essa preferência pode ser devido à 
seleção ativa ou seleção passiva pela presa, podendo esses dois fatores interagir e influenciar a 
preferência (BLAIS; MALY, 1993). A seleção ativa consiste em o predador discriminar entre 
presas de diferente qualidade (LANG; GSÖDL, 2001), podendo influenciar na predação a 
variação do tamanho (PECKARSKY, 1980) e a qualidade nutricional das presas (MENDES et 
al., 2002). Por outro lado, a seleção passiva baseia-se na diferença intrínseca entre os tipos de 
presas em resposta ao ataque do predador (REITZ et al., 2006), principalmente, aspectos 
relacionados com a capacidade das presas de fugir do predador (LANG; GSÖDL, 2001). 
O desempenho de ácaros predadores depende da espécie de presa consumida 
(MCMURTRY e CROFT, 1997). Estudos mostram que o consumo de estádios da presa e 
possíveis efeitos da planta hospedeira podem afetar os predadores (BLACKWOOD et al., 
2004). Estádios da presa podem influenciar os predadores através de diferenças nos benefícios 
nutricionais (BLACKWOOD et al., 2001). Plantas hospedeiras também podem afetar os 
predadores, através das diferenças na estrutura da folha ou a concentração de nutrientes 
disponíveis aos ácaros fitófagos que pode refletir em seu próprio valor nutritivo (SABELIS, 
1991). Ácaros fitófagos podem sequestrar toxinas químicas produzidas pelas plantas da qual 
se alimentam, tornando-se menos palatável ao predador. Assim, predadores poderiam ter sua 
eficiência, bem como o seu estabelecimento reduzido como consequência da planta 
hospedeira (SABELIS et al., 1999). 
Este estudo teve como objetivo investigar o potencial de N. idaeus, como inimigo 
natural de T. urticae, T. ludeni e M. planki na cultura da soja transgênica na região Noroeste 
do estado do Rio Grande do Sul, para preencher algumas lacunas existentes no conhecimento 
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biológico e ecológico do ácaro predador N. idaeus associado a cultura da soja, dois artigos 
foram produzidos, onde no primeiro foi realizado o teste de desenvolvimento biológico 
quando alimentado com M. planki, T. ludeni e T. urticae. No segundo artigo foram realizados 
testes de preferência alimentar para com as três espécies de fitófagos, testes de preferência 
alimentar pelos estádios da presa e taxa de predação. 
Observamos que os artigos estão escritos conforme regras das revistas nas quais estão 
publicados. 
Artigo 1: Desempenho biológico do ácaro predador Neoseiulus idaeus (Phytoseiidae): 
um candidato no controle de ácaros tetraniquídeos em soja brasileira. Artigo publicado em 
Brazilian Journal of Biology. 
Artigo 2: Preferência alimentar e taxa de predação de Neoseiulus idaeus alimentando-
se de diferentes presas. Artigo publicado em Systematic and Applied Acarology. 
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Abstract 
 
The soybean (Glycine max (L.): Fabaceae) is considered the most important agricultural crop 
in Brazil. Phytophagous tetranychid mites as Mononychellus planki McGregor, Tetranychus 
ludeni Zacher and T. urticae Koch have been considered pest in soybean crops. Neoseiulus 
idaeus Denmark & Muma (Phytoseiidae) is a predatory mite of T. ludeni and T. urticae. The 
aim of the present study was to evaluate the biological performance of N. idaeus when fed on 
T. urticae, T. ludeni and M. planki, coming from the Northwest region of Rio Grande do Sul 
state, Brazil. The study was conducted in the laboratory with individual predators supplied 
with different preys. The mean duration (days) of N. idaeus egg-adult development was 
similar independently of supplied prey (T. ludeni - 5.29±0.03; M. planki - 5.34±0.05 and T. 
urticae - 5.23±0.03 days). Female viability was 90% when fed on M. planki and 100% when 
fed on T. ludeni and T. urticae. Mean fecundity of N. idaeus was lower when fed on M. planki 
(4.6±1.58 eggs/female) and higher when fed on T. ludeni (21.8±3.22) and T. urticae 
(26.2±2.41). The mean generation time (T) was lower when N. idaeus fed on M. planki than 
when fed on T. ludeni and T. urticae. The net reproductive rate (Ro) was 4.42±0.49 on M. 
planki, 17.77±0.55 on T. ludeni and 20.59±0.48 on T. urticae. The innate capacity for 
increase (rm) was lower when N. idaeus was fed on M. planki (0.09) and higher when such 
predator was fed on T. ludeni (0.20) and T. urticae (0.22 females/females/day). These results 
demonstrated that N. idaeus is able to reach the complete development feeding on all the three 
tetranychid species. Mononychellus planki demonstrated to provide a sub-optimal diet if 
compared to T. ludeni and T. urticae. 
 
Keywords: biological control, life table, Tetranychus urticae, Tetranychus ludeni. 
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Desempenho biológico do ácaro predador Neoseiulus idaeus (Phytoseiidae): um 
candidato no controle de ácaros tetraniquídeos em soja brasileira 
 
Resumo 
 
Soja (Glycine max (L.): Fabaceae) é a mais importante cultura agrícola brasileira. 
Tetraniquídeos fitófagos são pragas na cultura, Mononychellus planki McGregor, Tetranychus 
ludeni Zacher e T. urticae Koch. Neoseiulus idaeus Denmark & Muma (Phytoseiidae) é o 
ácaro predador de T. ludeni e T. urticae. Este estudo teve como objetivo avaliar o desempenho 
biológico de N. idaeus quando alimentado com T. urticae, T. ludeni e M. planki da região 
noroeste do Rio Grande do Sul, Brasil. O estudo foi realizado em laboratório com predadores 
individualizados com diferentes presas. A duração média (dias) de N. idaeus desenvolvimento 
ovo-adulto foi semelhante independentemente da presa fornecida (T. ludeni – 5.29 ± 0.03; M. 
planki – 5.34 ± 0.05 e T. urticae – 5.23 ± 0.03 dias). Viabilidade feminina foi de 90% quando 
alimentados com M. planki e 100% em T. ludeni e T. urticae. Fecundidade de N. idaeus foi 
menor com M. planki (4.6 ± 1.58 ovos / fêmea) e maior com T. ludeni e T. urticae, 21.8 ± 
3.22 e 26.2 ± 2.41, respectivamente. O tempo médio de uma geração (T) foi menor quando N. 
idaeus alimentados com M. planki do que quando em T. ludeni e T. urticae. A taxa líquida de 
reprodução (Ro) foi de 4.42 ± 0.49 em M. planki, 17.77 ± 0.55 em T. ludeni e 20.59 ± 0.48 no 
T. urticae. A capacidade inata de aumento (rm) foi menor em M. planki (0.09) e maior quando 
alimentados com T. ludeni (0.20) e T. urticae (0.22 fêmeas / fêmea / dia). Estes resultados 
demonstraram que N. idaeus é capaz de utilizar e desenvolver em todas as três espécies de 
tetraniquídeos. Mononychellus planki demonstrou ser a presa menos adequada para este 
predador do que T. urticae e T. ludeni. 
 
Palavras-chave: controle biológico, tabela de vida, Tetranychus urticae, Tetranychus ludeni. 
 
1. Introduction 
The soybean (Glycine max (L.): Fabaceae) is the most important agricultural crop in 
Brazil, since the country produced 86 tons during 2013 and 2014, being considered the second 
largest world soybean producer. Soybean production is widely distributed in Brazilian 
territory. However, the largest acreages are located in the Midwest and South regions; 
especially in the states of Mato Grosso, Paraná and Rio Grande do Sul. During 2013 and 
2014, Rio Grande do Sul produced approximately twelve millions of tons. Such amount 
represent 15% of the Brazilian soybean production (CONAB, 2014). 
This crop is susceptible to herbivorous attacks, which may cause substantial damage 
and production losses. Despite several animals might affect soybean crops, a special group 
responsible to such damage are phytophagous tetranychids mites. This affirmation is 
reinforced by recent studies that have been reporting high populations of tetranychids mites 
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species (Mononychellus planki McGregor, Tetranychus desertorum Banks, T. gigas Pritchard 
& Baker, T. ludeni Zacher and T. urticae Koch) in soybean crops (Guedes et al., 2007; 
Reichert et al., 2014; Rezende et al., 2014; Roggia et al., 2008). 
Tetranychids may cause damage to several plants species (Bolland et al., 1998; Silva 
et al., 2009). These mites feed on parenchyma and extract the cell contends, causing a 
reduction of the plant photosynthetic capacity, affecting directly the grain production (Moraes 
and Flechtmann, 2008). Under temperatures around 30° C, T. ludeni increase drastically its 
reproduction and fecundity rates, leading to highly economic damage in regions with such 
climate (Silva, 2002). Despite its growing population, until recently M. planki was not 
mentioned as a mite of economic importance (Moraes and Flechtmann, 2008). However, 
currently such mite specie has been considered the most frequent and abundant in soybean 
crops (Reichert et al., 2014; Rezende et al., 2014). 
Predatory mites of Iolinidae, Phytoseiidae and Stigmaeidae have been commonly 
associated to Brazilian soybean crop (Reichert et al., 2014; Rezende et al., 2014). However, 
Phytoseiid are the most common and abundant mites in such crop. Considered as generalist 
predators, this mite family may feed on spider mites, insects, nematodes, fungus, pollen and 
plant exudates (McMurtry et al., 2013; Marafeli et al., 2014), but rarely on vegetable tissues 
(Magalhães and Bakker, 2002; Sengonca et al., 2004). Several members of this mite family 
have been considered of great importance in applied biological control of mites and thrips in 
greenhouse crops production (Zhang, 2003) and orchards (Moraes et al., 2004). 
Phytoseiid mites of the genus Neoseiulus have been commonly observed on soybean 
crops (Reichert et al., 2014; Rezende et al., 2014). Neoseiulus anonymus Chant & Baker, N. 
californicus McGregor and N. idaeus Denmark & Muma are common mite species in Rio 
Grande do Sul State (Reichert et al., 2014). However, available information about this mite 
family in soybean crops of Rio Grande do Sul State is scarce. Recently, Reichert et al. (2014) 
mentioned N. idaeus as the most common mite specie in Rio Grande do Sul state soybean 
crops. Neoseiulus idaeus is reported as the main predator associated to Mononychellus 
tanajoa (Bondar) (green cassava mite) in northeast of Brazil (Moraes et al., 1990). In cassava 
crops such predator mite demonstrated capacity to control T. urticae population (Moraes et 
al., 1994). Phytoseiid are commonly observed in association with phytophagous mites in 
annual, perennial and native vegetation (Ferla and Moraes, 2002). However, studies regarding 
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the biological capacity of N. idaeus to control phytophagous mites are scarce in South Brazil. 
In this way, the present study attempts to investigate the biological performance of N. idaeus 
when fed on T. urticae, T. ludeni and M. planki. This study might help to identify a natural 
enemy that could be used in applied biological control of phytophagous tetranychids mites in 
soybean crops from Northwest region of Rio Grande do Sul state, Brazil. 
2. Material and Methods 
2.1. Stock colony 
The present study was carried out at the Acarology Laboratory of UNIVATES, 
Lajeado, Rio Grande do Sul State, Brazil. The predator mite N. idaeus was collected from 
soybean plant leaves at a commercial production site located in Northwest of Rio Grande do 
Sul State. These mites have been maintained in laboratory on bean plant (Phaseoulus vulgaris 
L.), and fed on T. urticae coming from strawberry, for two months before the beginning of the 
studies. M. planki, T. ludeni and T. urticae also were maintained on bean plants in laboratory. 
The rearing stocks were conducted in a germination chamber under 25±1°C with 12-hour 
photophase and 70±5% relative humidity. 
2.2. Experimental design 
The biological study was carried out with 90 predator eggs individualized in arenas 
with different prey. Additionally, 30 eggs for each food type were added. In each arena, we 
added 15 specimens of different developmental stages of T. ludeni, M. planki and T. urticae. 
The experiment started with the addition of three N. idaeus females from the rearing stock in 
each arena. They were removed four hours later, leaving just one predatory mite egg/arena. 
The immature stages have been observed at 7, 11, 15 and 19 hours respectively. In 
such observations, the duration of life stages was checked. During the adult stage, females 
were maintained mated with the rearing stock males and the evaluations, to determine the 
number of eggs laid as well as the survival rate, were performed once a day, at 11 hours. With 
the aim of determine F1 sex ratio, the laid eggs were collected and transferred to other arenas. 
The obtained data were compared by Tukey test at a 5% significance level, with the use of 
Bioestat 5.0 software (Ayres et al., 2007). The arenas have been maintained in the same 
environment conditions presented in the rearing stock. 
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2.3. Biological performance of Neoseiulus idaeus 
The data obtained in the study were organized for life table calculations (Silveira et al., 
1976). Subsequently, the values regarding to the reproductive rate net (Ro = Σmx.lx – mx: 
total eggs/females number; lx: specimens alive/specimens total), generation time (T = 
mx.lx.x/mx.lx Σ), innate capacity for increase (rm = log Ro/T.0.4343), and finite increase rate 
(λ = antilog rm) were calculated. The mean and standard deviation of each life table parameter 
was calculated using Bootstrap analysis (Efron and Tibshirani, 1994). A total of thirty random 
choices, with replacement at every drawn number, were made. In this way, mean and standard 
deviation could be calculated with the random values. 
3. Results 
The evaluation of N. idaeus strain demonstrate that, when fed on M. planki, T. ludeni 
and T. urticae, such predator mite may reach the adult phase and lay eggs. These results were 
similar when N. idaeus was fed on T. ludeni and T. urticae and lower, especially in the adult 
phase, when N. idaeus was fed on M. planki. 
The mean duration (days) of females egg-adult phase was similar in the three prey 
evaluated (Table 1). The viability was 90% when fed on M. planki and 100% when fed on T. 
ludeni and T. urticae. The mean duration of incubation phase (days), was longer when the 
predator was fed on T. ludeni and shorter when fed on M. planki. The duration of larvae and 
deutonymph stages was similar when the predator fed on all the preys. However, the 
protonymph stage was longer when the predator was fed on M. planki. For males, egg-adult 
phase was longer on T. ludeni and lower on T. urticae. 
The mean fertility of N. idaeus was lower when fed on M. planki (4.6±1.58 
eggs/female) and higher when fed on T. ludeni and T. urticae (21.8±3.32 and 26.2±2.4). 
The mean time duration (days) of pre-oviposition was longer when N. idaeus was fed 
on M. planki, while fertility, oviposition and longevity of females was lower (Table 2). 
Generally, when T. ludeni and T. urticae have been offered as prey, the adult phases were 
longer. 
The sex ratio in the first generation of the predator was 0.80. The mean generation 
time (T) was lower when N. idaeus was fed on M. planki than when fed on T. ludeni or T. 
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urticae (Table 3). The net reproductive rate (Ro) and innate capacity for increase (rm) were 
lower when N. idaeus fed on M. planki and higher when such predator mite fed on T. urticae. 
The finite increase rate (λ) was lower with M. planki and higher on T. urticae. 
Table 1. Duration in days (mean ± SE) of immature stages of Neoseiulus idaeus feeding on 
Mononychellus planki, Tetranychus ludeni and Tetranychus urticae, at 28±1°C in photophase 
and 22±1°C in scotophase and 70±5% relative humidity. 
 
 
N* 
Immature stages   
 Egg Larvae Protonymph Deutonymph Egg-adult 
Mononychellus 
planki 
Females 19 2.04±0.04b** 0.81±0.04a 1.31±0.06a 1.16±0.03a 5.34±0.05a 
Males 9 2.04±0.02b 0.76±0.05a 1.24±0.06a 1.20±0.07a 5.24±0.05ab 
Viability 
(%) 
30 100 100 90 100 90 
Tetranychus 
ludeni 
Females 22 2.16±0.03a 0.73±0.02a 1.12±0.04b 1.27±0.04a 5.29±0.03a 
Males 8 2.09±0.03ab 0.81±0.02a 1.13±0.04a 1.35±0.08a 5.39±0.06a 
Viability 
(%) 
30 100 100 100 100 100 
Tetranychus 
urticae 
Females 19 2.11±0.02ab 0.76±0.02a 1.14±0.03b 1.22±0.04a 5.23±0.03a  
Males 8 2.11±0.03a 0.75±0.04a 1.10±0.04a 1.15±0.07a 5.18±0.06b 
Viability 
(%) 
30 100 100 100 100 100 
*N = number of mites evaluated. 
**Means followed by the same letter, in a column, do not differ statistically from one another by the 
Tukey test, at a significance level of 5%. 
 
Table 2. Fertility in days (mean ± SE) and length of pre-oviposition, oviposition, post-
oviposition and longevity of Neoseiulus idaeus feeding on Mononychellus planki, 
Tetranychus ludeni and Tetranychus urticae, at 28±1°C in photophase and 22±1°C in 
scotophase and 70±5% relative humidity. 
Parameter N* 
Mononychellus 
planki 
N 
Tetranychus 
ludeni 
N 
Tetranychus 
urticae 
Fertility 19 4.6±1.58b** 22 21.8±3.22a 19 26.2±2.41a 
Pre-oviposition 9 2.6±0.86a 19 1.6±0.14b 19 1.5±0.11b 
Oviposition  9 6.9±1.10b 19 10.7±1.16ab 19 11.7±3.66a 
Post-oviposition  9 1.1±0.65a 19 0.5±0.21a 19 0.8±0.27a 
Longevity (Females) 19 5.6±5.49b 19 11.3±1.41a 19 14.2±0.86a 
Longevity (Males) 9 6.0±1.51a 8 13.0±2.75a 8 7.0±2.47a 
*N = number of mites evaluated. 
**Means followed by the same letter, in a column, do not differ statistically from one another by the 
Tukey test, at a significance level of 5%. 
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Table 3. Mean generation time (T), net reproductive rate (Ro), innate capacity for increase 
(Rm) and finite increase rate (λ) of Neoseiulus idaeus feeding on Mononychellus planki, 
Tetranychus ludeni and Tetranychus urticae, at 28±1°C in photophase, 22±1°C in scotophase 
and 70±5% relative humidity. 
Parameter 
Prey 
Mononychellus planki Tetranychus ludeni Tetranychus urticae 
T 12.65±0.14b* 13.94±0.08a 13.82±0.11a 
Ro 4.42±0.49c 17.77±0.55b 20.59±0.48a 
Rm 0.09±0.005c 0.20±0.002b 0.22±0.001a 
ʎ 1.25±0.01c 1.61±0.005b 1.66±0.003a 
*Means followed by the same letter, in a column, do not differ statistically from one another by the 
Tukey test, at a significance level of 5%. 
  
Neoseiulus idaeus presented lower specific fertility and survival rate when fed on M. 
planki whether compared with to other preys, surviving during 22 days (Figure 1). Thehigher 
specific fertility occurred during the 10-13°day, while survival rate was higher during the 8-
13° day. 
Figure 1. Specific fertility (mx) and survival rate (lx) of Neoseiulus idaeus feeding on 
Mononychellus planki, at 28±1°C in photophase, 22±1°C in scotophase and 70±5% relative 
humidity. 
 
 
 
Neoseiulus idaeus presented lower specific fertility and survival rate when fed on T. 
ludeni whether compared with T. urticae, surviving during 26 days (Figure2). The higher 
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specific fertility occurred during the 9- 13° day, while survival rate was higher during the 7-
11° day. 
Figure 2. Specific fertility (mx) and survival rate (lx) of Neoseiulus idaeus feeding on 
Tetranychus ludeni, at 28±1°C in photophase, 22±1°C in scotophase and 70±5% relative 
humidity. 
 
  
Neoseiulus idaeus presented a higher specific fertility and survival rate when fed on T. 
urticae whether compared to other preys, surviving during 30 days (Figure 3). The higher 
specific fertility occurred during 9-13° day, while survival rate was higher during 7-14° day. 
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Figure 3. Specific fertility (mx) and survival rate (lx) of Neoseiulus idaeus feeding on 
Tetranychus urticae, at 28±1°C in photophase, 22±1°C in scotophase and 70±5% relative 
humidity. 
 
4. Discussion 
The results obtained on the present study demonstrate that N. idaeus populations are 
able to complete its development feeding on the evaluated preys, in soybean crops of the 
Norwest portion of Rio Grande do Sul state. The phytophagous mite M. planki demonstrated 
to be a less suitable prey if compared to T. ludeni and T. urticae. 
The mean duration of egg-adult stage (days) was higher for N. idaeus females which 
were fed on M. planki and lower for those which were fed on T. urticae. The N. idaeus males 
presented a higher mean duration of egg-adult stage (days) when fed on T. ludeni and a lower 
mean duration when fed on T. urticae. Neoseiulus idaeus from Mato Grosso do Sul state, 
Brazil, feeding on M. tanajoa and T. urticae demonstrated lower mean duration for females 
when fed on M. tanajoa (3.5±0.74) and on T. urticae (4.4±0.90). 
Regarding the males, such work presented a mean duration of egg-adult stage of 
4.1±0.70 days when the predator was fed on M. tanajoa and 4.5±0.86 days when fed on T. 
urticae (Moraes et al., 1994). These results indicate that N. idaeus population from Northwest 
of Rio Grande do Sul may live longer when fed on T. ludeni and T. urticae. However, the 
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predator strain or prey-food utilized in the test may influence these results. In addition, these 
results confirm that species of the genus Mononychellus are less suitable preys to N. idaeus 
than species of the genus Tetranychus, since M. tanajoa and M. planki presented lower fitness 
as prey. Maintained on low relative humidity (55%) and fed on T. urticae eggs, the evaluation 
of N. idaeus strain from Colombia presented similar results to the this work, with female’s 
length of 4.56±0.50 days and male’s length of 4.87±0.34 days (Dinh et al., 1988). Differently, 
when N. idaeus was fed on eggs and adults T. urticae, inferior results on papaya (3.8 ± 0.12) 
and snap bean (4.0±0.08) were obtained (Collier et al., 2007). These different results may be 
due to the predator strain, distinct origin or different prey-food. Escudero and Ferragut (2005) 
observed lower egg-adult phase length testing N. californicus fed on T. ludeni (4.67 days). In 
contrast, when fed on T. urticae, such predator presented greater length (Toldi et al., 2013). 
The predator mean fertility was significantly lower when fed on M. planki (4.6±1.58 
eggs/female) and higher when fed on T. urticae (26.2±2.41 eggs/female). Moraes et al. (1994) 
obtained a high fecundity rate of N. idaeus with M. tanajoa as food source (11.8±7.44 
eggs/female) and lower fecundity rate when N. idaeus was fed on T. urticae (13.8±8.85 
eggs/female). Escudero and Ferragut (2005) tested N. californicus with T. ludeni as food 
source and obtained a lower fecundity rate (2.62 eggs/female). However, Toldi et al. (2013) 
tested such predator mite fed on T. urticae, and obtained a higher fecundity rate (38.14±5.58 
eggs/female). 
In the present study, the longevity of N. idaeus females and males was significantly 
lower with M. planki as food source, and higher on T. urticae females and T. ludeni males. 
Moraes etal. (1994) obtained higher results on M. tanajoa females (9.3±3.79 days) and lower 
results on T. urticae (12.1±6.24 days). In regarding to the males, such work described higher 
results on M. tanajoa (9.0 ±4.49 days) and lower results on T. urticae (10.9±6.59 days). 
All life table parameters presented higher values when the predator fed on T. urticae, 
except the length average of every generation (T), which was higher on T. ludeni and lower 
on M. planki, indicating that the last prey is less adequate to N. idaeus. 
In the present study, the duration of each generation was longer than that obtained by 
Moraesetal. (1994) studying M. tanajoa and T. urticae, Dinh et al. (1988) studying T. urticae 
eggs and Collier et al. (2007) investigating T. urticae eggs and adults. Escudero and Ferragut 
(2005) studied N. californicus fed on T. ludeni and obtained higher results. Toldi et al. (2013) 
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also obtained higher results when N. californicus was fed on T. urticae. 
The net reproductive rate (Ro) observed was lower for M. planki and higher for T. 
urticae. In contrast, Moraes et al. (1994) observed higher Ro for M. tanajoa and lower Ro for 
T. urticae, while Dinhetal. (1988) described a significantly higher Ro for T. urticae. After 
Collier et al. (2007), the Ro was lower when fed on eggs and adults T. urticae. 
Neoseiulus californicus fed on T. ludeni, presented higher net reproductive rate 
(Escudero and Ferragut, 2005) than the net reproductive rate presented in this work. However, 
Toldi et al. (2013) observed a similar result, when such predator was fed on T. urticae. 
The innate capacity for increase (rm) obtained in the present study with N. idaeus, was 
lower on M. planki (0.09±0.005) and higher on T. urticae (0.22±0.001). The rm obtained by 
Moraesetal. (1994) was higher for M. tanajoa and T. urticae. Dinh et al. (1988) observed 
higher rm for T. urticae and Collieretal. (2007) described lower rm when the predator fed on 
eggs and adults of T. urticae. Escudero and Ferragut (2005) , obtained higher results utilizing 
N. californicus feeding on T. ludeni. Toldi et al. (2013) also studied N. californicus fed on T. 
urticae, however they obtained lower results than those presented by Escudero and Ferragut 
(2005). 
Neoseiulus idaeus presented a high increasing population capacity when fed on T. 
ludeni and T. urticae. This demonstrate that such predator mite belong to type II, as a predator 
which present an strong aggregation response to leaves infested with Tetranychus species 
(McMurtry et al., 2013). We also observed that fecundity, net reproductive rate and innate 
capacity for increase were lower when N. idaeus was fed on M. planki, demonstrating that 
such prey is less adequate. The production of web on leaf circles after the transference of the 
prey may have favored the predation capacity of T. ludeni and T. urticae. This could partially 
explain the difference observed in the present study with M. planki. Studies have 
demonstrated that some phytoseiid mites improve its predation rate when reared on leaves 
infested by tetranychids mites that produce more web (McMurtry et al., 2013). Saito (2010) 
described the genus Mononychellus as mites which presented LW-f type spin without 
production of threads and webs, and lay its eggs under dense leaves. 
The predator mite N. idaeus may be utilized in biological control of T. ludeni, T. 
urticae. M. planki demonstrated to be an alternative prey that might support the predator 
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development until the adult phase, in quick life cycle with oviposition. However, to be 
validated, these laboratory results have to be tested at field level. Neoseiulus idaeus can be 
considered as a potential natural enemy to use in an applied biological control program in 
soybean crops of Rio Grande do Sul state. However further studies to define release methods, 
answer to predation and fitness at field level are necessary 
5.  Conclusion  
T. ludeni and T. urticae are suitable prey for N. idaeus while M. planki was less 
adequate as prey. The life table parameters indicate a strong association of N. idaeus with 
prey of the genus Tetranychus. However, N. idaeus reached the adult phase and laid eggs, 
presenting a quick life cycle when fed only on M. planki. 
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Abstract 
 
Soybean (Glycine max (L.): Fabaceae) is considered the most important agricultural crop in 
Brazil. Phytophagous tetranychid mites such as Mononychellus planki McGregor, 
Tetranychus ludeni Zacher, and T. urticae Koch are considered pests of soybean crops. 
Neoseiulus idaeus Denmark & Muma (Phytoseiidae) is a predatory mite of T. ludeni and T. 
urticae. This study aimed at analyzing the feeding preference of N. idaeus among three types 
of prey (M. planki, T. ludeni, and T. urticae), its prey-stage preference, and its predation rate 
under controlled conditions. During immature stages of N. idaeus, we carried out observations 
to monitor predator survival and to ensure food availability (eggs and different prey stages) 
throughout the study period. Neoseiulus idaeus preferred T. urticae compared to T. ludeni and 
M. planki, and it preferred T. ludeni compared to M. planki. This predator preferred T. urticae 
and T. ludeni when compared to leaves without prey; however, when analyzed with M. planki 
and leaves without prey, it showed no preference. Regarding oviposition site, T. urticae was 
preferred over T. ludeni or M. planki. However, between T. ludeni and M. planki, N. idaeus 
preferred T. ludeni. This predator preferred to oviposit where T. urticae and T. ludeni were 
located instead of leaves without prey. However, when it was assessed with M. planki and on 
dry leaves without prey, there was no preferred oviposition site. These results show a strong 
preference for T. urticae as food; however, in the absence of this prey, N. idaeus feeds on T. 
ludeni and M. planki. In all immature stages and as adults, N. idaeus preferred T. urticae eggs. 
In protonymphal, deutonymphal, and adult stages it also consumed prey larvae and nymphs. 
Only adult N. idaeus consumed adult prey. The total predation rate for eggs, larvae, nymphs, 
and adults of T. urticae was 55.9%, 14.34%, 22.11%, and 7.65%, respectively. The average 
lifespan of females of this predator was 16.07 days, when they consumed 3.05 
prey/female/day. These results suggest that N. idaeus has potential to be used in an applied 
biological control program for T. urticae. 
 
Key Word: Biological control, Tetranychus ludeni, Mononychellus planki, Tetranychus 
urticae, soybean 
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Introduction 
Tetranychidae are commonly associated to several plant species (Bolland et al. 1998), 
feeding on parenchyma, extracting cell content, causing reduction in plant photosynthetic 
capacity, and affecting grain production (Moraes and Flechtmann 2008). Due to cell content 
extraction, plant photosynthetic capacity is reduced, mostly due to stomata closure (Bueno et 
al. 2009). Large populations of phytophagous mites were observed in surveys conducted on 
transgenic and conventional soybean crops in the northeastern region of the state, mainly 
Mononychellus planki McGregor, Tetranychus ludeni Zacher, and Tetranychus urticae Koch 
(Tetranychidae) (Reichert 2014). Tetranychus urticae seems to be particularly difficult to 
control and frequently rises to pest status in agricultural crops around the world (Flechtmann 
1981; 1992; Moraes 1993; Kennedy and Storer 2000; Park and Lee 2005). 
Predatory mites Phytoseiidae are important agents of biological control due to their 
ability to suppress pest mite populations, mostly Tetranychidae, in different agricultural 
systems (Colfer et al. 2004; Jung et al. 2004). They might also feed on small herbivore 
insects, nematodes, fungi, pollen, and plant exudates (McMurtry and Croft 1997), but rarely 
feed on plant tissue (Magalhães and Bakker 2002; Sengonca et al. 2004). 
Several mite species are of great importance in the applied biological control of mites 
and thrips in greenhouse cultivation (Zhang 2003) and orchards (Moraes et al. 2004). Species 
of the family Phytoseiidae are commonly found in soybean crops in Brazil, especially 
Neoseiulus anonymus Chant & Baker, Neoseiulus idaeus Denmark & Muma, and Neoseiulus 
californicus McGregor (Rezende et al. 2014; Reichert et al. 2014). The most common 
predatory mite species in this crop was N. idaeus; it was more abundant when populations of 
T. urticae e T. ludeni were observed (Reichert et al. 2014). So far few studies have been 
carried out assessing N. idaeus as a biological control agent, considering it is a Type II 
specialist predator with feeding preference for tetranychids (McMurtry and Croft 1997; Croft 
et al. 2004). Collier et al. (2007) demonstrated the efficiency of this predator in regulating T. 
urticae in papaya crops (Carica papaya L.). In addition, its constant presence throughout the 
year and its abundance in commercial orchards with acaricide applications indicates that it 
could develop resistance to pesticides, which furthers its use as a biological control agent 
(Collier et al. 2004). 
Predator preference studies are important in decision making to approve pest control 
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programs in the field. These preferences might be due to active choice by the predator or 
passive selection by the prey, and these two factors might interact with each other and 
influence preference (Blais and Maly 1993). Active selection occurs when the predator 
discriminates between preys of different qualities (Lang and Gsödl 2001), and predation 
might be influenced by size variation (Peckarsky 1980) and nutritional quality of the prey 
(Mendes et al. 2002). On the other hand, passive selection is based on intrinsic differences in 
how prey types respond to attacks by predators (Reitz et al. 2006), mainly the aspects related 
to the escape efficiencies of the different prey species (Lang and Gsödl, 2001). 
The performance of predatory mites such as N. idaeus depends on the prey species 
consumed (McMurtry and Croft 1997). Studies show that prey stages and possible host plant 
effects might affect predators (Blackwood et al. 2004). Prey stages might influence predators 
through differences in nutritional benefits (Blackwood et al. 2001). Host plants might affect 
predators due to differences in leaf structure or nutrient concentration available to 
phytophagous mites, which might reflect their own nutritional value (Sabelis 1991); 
phytophagous mites might sequester chemical toxins produced by plants which they feed on, 
becoming less palatable to predators. Consequently, predators might have their efficiency as 
well as their establishment reduced by the host plant (Sabelis et al. 1999). 
In the design of predator preference experiments, it is necessary to consider prenatal or 
embryonic learning. The preference of Neoseiulus californicus for its prey is influenced by 
maternal diet (Peralta Quesada and Schausberger 2012). This behavior might also depend on 
experiences during immature stages and might influence their choice of oviposition site 
(Gutierrez 2007). 
Considering that nutritional quality plays an important role in the expression of 
biological parameters of N. idaeus (Moraes et al. 1994) and that very little is known on the 
performance of this predator, our study aimed at determining the feeding preference of N. 
idaeus comparing three types of prey: M. planki, T. ludeni, and T. urticae. 
Material and methods 
Stock origin and rearing 
Neoseiulus idaeus was collected from soybean leaves of the 2015/2016 crop, and 
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maintained in laboratory on an artificial arena consisting of a plastic tile (15 x 15 x 0.2 
centimeters) placed on a moist foam cube inside a rectangular plastic box (20 x 20 x 6 cm), 
half-filled with water; the edges of the tile were covered by moist tissue paper to confine the 
predators to the arena (Peralta Quesada and Schausberger 2012). Its diet was comprised of T. 
urticae collected from strawberry leaves and maintained in laboratory under bean leaves 
(Phaseoulus vulgaris L.). The predatory mite was kept in a climate chamber at 25±1°C, 
65±5% of relative humidity (RH), and photoperiod of 16:8 h L: D. The types of prey used in 
the experiments, M. planki, T. ludeni, and T. urticae, derived from populations collected from 
soybean leaves and were kept in laboratory under leaves of common bean. 
Experimental procedures 
Experiment 1: Feeding preference for different types of prey 
In the first experiment, we tested the feeding preference for M. planki, T. ludeni and T. 
urticae. For this experiment, we used cage-shaped acrylic plates (35 x 80 mm) (Figure 1). 
Small bean leaf discs were placed in two chambers (15 mm diameter and 3 mm tall) 
connected by a T-shaped maze on the crossbar (Ø 15 mm) and a lower circular chamber (Ø 5 
mm) at the bottom end of the vertical bar of the T. This T, which connects the three chambers, 
has a 2-mm wide aisle. The lower part of the cage was closed with a fine mesh to allow for air 
exchange and a microscope slide was placed on the upper side (Schausberger and Hoffmann 
2008). 
FIGURE 1 Cage-shaped acrylic plate used for the feeding choice test. 
 
 
 
 
 
 
We transferred adult individuals of M. planki, T. ludeni, and T. urticae with a moist 
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brush, one species/chamber, to the bean discs. 
In each chamber, there were five specimens, and predators could choose between T. 
urticae and T. ludeni, between T. urticae and M. planki, between T. ludeni and M. planki. The 
option of leaf without phytophagous mites was also offered. Gravid predatory females were 
randomly chosen after rearing and placed individually in the lower chambers after 12 hours of 
fasting. 
Cages were checked at 30-minute intervals, over the three first hours. They were also 
analyzed after seven hours and after 24 hours, when we checked for the location of predators 
(whether in the chamber or in the neutral zone) and of the eggs laid by the predators. 
Experimental cages were kept in a climate chamber at 25±1ºC, 65±5% RH, and a photoperiod 
of 16:8 h L: D. There were two series with 15 replicates. 
Experiment 2: Prey-stage preference and predation rate 
To test prey-stage preference and predation rate, we used arenas with 6 cm diameter 
and 1.5 cm depth. Cotton discs were placed on the arenas, moist with distilled water, and on 
each cotton disc we placed bean leaf discs with the abaxial surface facing upwards. 
We transferred eggs, larvae, nymphs, and adults of the preferred prey from experiment 
one to the bean discs using a moist brush. Newly laid eggs of N. idaeus were transferred 
individually to each arena. 
During immature stages, we performed observations every three hours: at 7:00 and 
10:00 AM, 1:00, 4:00, and 7:00 PM. In the adult stage, we checked specimens every 12 hours 
to monitor predator survival, to replace eggs and prey to ensure food availability throughout 
the period, and to remove dead individuals and sucked eggs. The arenas were maintained in 
the same environmental conditions for stock rearing. The experiment lasted until predator 
death. There were two series with 15 replicates. We counted eggs, larvae, nymphs, and adults 
consumed by the predator. 
Statistical Analyses 
Data obtained were compared using the ANOVA test and post hoc Tukey's test with 
significance level of 5% using Bioestat 5.0 software (Ayres et al. 2007). For predation rates, 
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we used thefollowing equation, where ∑tf is the total prey consumed in each phase, and ∑tc is 
the total prey consumed: 
 
 
Results 
Experiment 1: Feeding preference for different types of prey 
When N. idaeus was analyzed with T. urticae and T. ludeni, it showed preference for 
T. urticae rather than T. ludeni or neutral zone (p<0.0001) (Table 1). On the other hand, when 
it was analyzed with T. urticae and M. planki, it preferred T. urticae to M. planki or neutral 
zone (p<0.0001). When it was assessed with T. ludeni and M. planki, we obtained preference 
for T. urticae rather than M. planki or neutral zone (p=0.0002). When it was assessed with T. 
urticae and leaf without prey, its preference was for T. urticae rather than leaf without prey or 
neutral zone (p<0.0001). When it was assessed with T. ludeni and leaf without prey, we 
obtained preference for T. ludeni over leaf without prey or neutral zone (p<0.0001). When 
assessed with M. planki and leaf without prey, there was no difference in preference between 
M. planki and neutral zone; however, the choice for leaves without prey was lower 
(p=0.0013). 
TABLE 1 Residence preference of Neoseiulus idaeus comparing three different types of 
prey, Mononychellus planki, Tetranychus ludeni, and Tetranychus urticae at 25±1°C, 65±5% 
of relative humidity, and photophase of 16:8 h L:D. 
 1 2 Neutral Zone N 
T. urticae (1) + T. ludeni (2) 18.25±1.54a* 9±0.5b 2.5±1.36c 30 
T. urticae (1) + M. planki (2) 23.87±2.56a 2.87±1.31b 3.5± 1.29b 30 
T. ludeni (1) + M. planki (2) 20.37±2.26a 3.75±1.16b 5.75± 2.12b 30 
T. urticae (1) + leaf without prey (2) 26±1.8a 0.87±0.44b 3.12±1.54b 30 
T. ludeni (1) + leaf without prey (2) 25.25±2.42a 2,5±1.28b 2.25±1.16b 30 
M. planki (1) + leaf without prey (2) 9.75±1.08a 4.75±1.47b 13.37±1.55a 30 
*Means followed by the same letter in the row do not statistically differ using Tukey's test with 
significance level of 5%. 
 
Regarding oviposition, when we offered T. urticae and T. ludeni, we obtained higher 
oviposition preference for T. urticae and lower preference for T. ludeni (p<0.0001) (Table 2). 
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When we assessed T. urticae with M. planki, we obtained preference for T. urticae 
(p<0.0001). When we assessed T. urticae with leaf without prey, we obtained preference for 
T. urticae (p<0.0001). When we assessed T. ludeni with M. planki, we obtained preference 
for T. ludeni (p<0.0001). When we assessed T. ludeni with leaf without prey, we obtained 
preference for T. ludeni (p<0.0001). When we assessed M. planki with leaf without prey, 
there was no preference (p=0.94). 
TABLE 2 Oviposition preference and mean number of eggs of Neoseiulus idaeus for prey 
species Mononychellus planki, Tetranychus ludeni, and Tetranychus urticae at 25±1°C, 
65±5% of relative humidity, photoperiod of 16:8 h L: D. 
 1 2 Neutral zone N 
T. urticae (1) + T. ludeni (2) 1.26±0.19a* 0.63±0.17b 0.16±0.08b 30 
T. urticae (1) + M. planki (2) 2.13±0.19a 0.20±0.08b 0.10±0.10b 30 
T. urticae (1) + leaf without prey (2) 2.46±0.17a 0.16±0.08b 0.23±0.11b 30 
T. ludeni (1) + M. planki (2) 1.20±0.15a 0.13±0.06b 0.30±0.12b 30 
T. ludeni (1) + leaf without prey (2) 1.63±0.19a 0.13±0.06b 0.06±0.04b 30 
M. planki (1) + leaf without prey (2) 0.16±0.08a 0.20±0.08a 0.17±0.06a 30 
     
*Means followed by the same letter in the row do not statistically differ using Tukey's test with 
significance level of 5%. 
 
Experiment 2: Feeding preference according to predator and prey stages 
Statistical results showed that there was a significant difference in preference for eggs 
in all phases (Figure 2). In the larval stage, predator N. idaeus only showed feeding 
preference for prey eggs (p<0.0001) (Figure 2 A). In the protonymphal stage, it preferred 
eggs, followed by nymphs, and less frequently, larvae; it did not feed on adults (p<0.0001) 
(Figure 2 B). In the deutonymphal stage, it preferred eggs, and less frequently, nymphs, and it 
did not feed on adults (p<0.0001) (Figure 2 C). In the adult phase, it preferred eggs, followed 
by nymphs, larvae, and less frequently, adults (p<0.0001) (Figure 2 D). 
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FIGURE 2 Mean consumption of different stages of Tetranychus urticae by the different 
stages of predator Neoseiulus idaeus at temperature of 25±1°C and relative air humidity of 
60±5%. 
 
 
 
 
 
 
 
 
 
 
 
 
Predation rate 
The predator was shown to be capable of feeding on all prey stages. The average 
lifespan of females of this predator was 16.07 days, period when they consumed, on average, 
49.16 prey individuals, i.e. 3.05/female/day. Total predation rate was 55.90% of eggs, 14.34% 
of larvae, 22.11% of nymphs, and 7.65% of adults (Figure 3). 
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FIGURE 3 Predation rate of Neoseiulus idaeus on the different stages of Tetranychus urticae. 
 
 
 
Results showed difference in feeding preference, with prey eggs as the preferred item, 
followed by nymphs, larvae, and prey adults as the least preferred item. 
Discussion 
Feeding preference for three different types of prey 
When N. idaeus was offered three tetranychid species, M. planki, T. ludeni, and T. 
urticae deriving from soybean crops in the northeastern region of the state of Rio Grande do 
Sul, there was feeding and oviposition preference for T. urticae compared to T. ludeni and M. 
planki. When this predator was tested with T. ludeni and M. planki, it showed feeding and 
oviposition preference for T. ludeni. Biological tests showed that when this predator fed on T. 
urticae, its longevity and reproduction rate were significantly higher compared to a research 
conducted with N. idaeus deriving from the state of Mato Grosso do Sul (Moraes et al. 1994), 
where it fed on M. tanajoa. However, as M. tanajoa belongs to the same gender as M. planki, 
it might be used comparatively to assess the preference of this predator. 
Studies have demonstrated that Type II specialist predators have feeding preference 
55.90%
14.34%
22.11%
7.65%
Predation Rate
eggs larvae nymphs adults
N = 30 Females
Longevity = 16.64 days
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for tetranychids that produce denser webs (McMurtry and Croft 1997), since they are able to 
cut the webbing threads with their chelicera (Shimoda et al. 2009). Saito (2010) described the 
genus Mononychellus as mites of LW-f type, which do not spin any threads and webs and 
deposit their eggs under denser leaves. This is possibly one of the reasons why N. idaeus 
showed lower feeding preference for M. planki. We must also consider nutritional quality, 
which plays an important role in the expression of biological parameters of N. idaeus (Moraes 
et al. 1994) and this might be the reason for the preference for feeding on T. urticae. 
Therefore, this prey possibly shows a more suitable nutritional quality for this predator than 
M. planki. Phytoseidae are known to select prey species from which they can obtain higher 
reproductive success (Gnanvossou et al. 2003). 
We must also consider that the feeding preference of predators might be due to 
prenatal or embryonic learning (Peralta Quesada and Schausberger 2012); their preference for 
their prey might thus be influenced by maternal diet. This behavior might also depend on 
experiences in immature stages and might influence their choice of oviposition site (Gutierrez 
2007). 
Neoseiulus idaeus, as well as Neoseiulus californicus (McGregor), have feeding 
preference for tetranychids (McMurtry and Croft 1997; Croft et al. 2004; McMutry et al. 
2013). In a recent study, N. californicus preferred to feed on T. urticae when it was offered 
this phytophagous mite and Thrips tabaci Lindeman (Rahmani et al. 2016). 
Feeding preference according to predator and prey stage 
Between different prey stages, N. idaeus showed preference for prey eggs. In prey-
stage preference studies of Euseius hibisci (Chant) on different stages of T. urticae, E. hibisci 
preferred T. urticae eggs compared to other stages (Badii et al. 2004). Similar results were 
observed in tests carried out with Phytoseiulus macropilis (Banks) where T. urticae eggs were 
preferred over other stages (Oliveira et al. 2007). Apparently, T. urticae eggs provide the 
essential nutrients for this predator to reach its adult phase. These results might be attributed 
to aspects related to nutritional properties (Mendes et al. 2002; Collier et al. 2007). 
The high content of protein and carbohydrate in arthropod eggs influences maturation 
of eggs, fertility, and energy supply for these predators (Carrel and Tanner 2002). Hence, we 
might argue that another reason for the preference of N. idaeus for prey eggs is the passive 
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selection factor, i.e. based on intrinsic differences among types of responses to deter the attack 
by predators (Reitz et al. 2006), and it might be related to prey efficiency to evade predators 
(Lang and Gsödl 2001). 
During the development of immature stages of N. idaeus, no adults of T. urticae were 
consumed. This is probably related to the prey's ability to evade the predator (Lang and Gsödl 
2001), to a greater mobility, and to its size (Reitz et al. 2006; Ferkovich et al. 2007). This 
might be a reason why there was low consumption of larvae and nymphs and no consumption 
of adults by N. idaeus protonymphs and deutonymphs. On the other hand, adults of N. idaeus 
also showed a significant preference for T. urticae nymphs, and they also feed on larvae and 
adults, thus showing that this predator is an effective prey controller in these stages. 
Predation Rate 
In the larval stage, N. idaeus was less efficient as predator, feeding on a small amount 
of T. urticae eggs, probably due to its small size and to the short length of this stage (Reis and 
Alves 1997; Reis et al. 1998). Moraes and McMurtry (1981) reported that some mite species 
from the Phytoseiidae family did not feed on the larval stage. 
In protonymphal and deutonymphal stages, predation rate was significant for eggs, and 
T. urticae larvae and nymphs were also predated. A larger amount of prey were consumed in 
the adult phase of N. idaeus, as also observed by Marafeli et al. (2011). Therefore, we might 
suggest that immature stages have a lower predatory ability than adults do and this result 
might be explained by the increased need for energy for female oviposition compared to 
immature phases. However, the size of adult predatory mites must be taken into consideration 
to explain these results. 
Although our study has been conducted in laboratory controlled conditions, our 
experiment results are probably similar to those carried out in the field. Predatory N. idaeus 
feed on different phases of T. urticae showing a high predation rate, which indicates that it is 
adapted to this prey and might be used in biological control programs applied to soybean 
crops. However, further studies in the field are required to verify the excellent results obtained 
in our study. 
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Conclusion 
Neoseiulus idaeus prefers T. urticae as prey, feeding on all its stages; however, it 
prefers the egg stage of the prey. 
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CONSIDERAÇÕES FINAIS 
O sucesso da soja como cultura agrícola do Brasil e do estado do Rio Grande do Sul, 
deve-se a avanços na tecnologia, com cultivares bem adaptada e de alta produtividade, 
mecanização e o conhecimento de estratégias de manejo cultural e fitossanitário. Percebe-se 
que o modelo atual não mantém o equilíbrio entre produção agrícola e preservação ambiental, 
a chave para uma possível junção entre estas pode ser a mudança de postura quanto à forma 
de praticar agricultura (GONÇALVES et al., 2007). 
Até recentemente os ácaros eram reportados como pragas esporádicas na cultura da 
soja (EMBRAPA, 2008). Entretanto, a ocorrência de ácaros tem ganhado importância, tanto 
pelos danos à cultura quanto pela necessidade de uso de controle químico (GUEDES et al., 
2007). As perdas causadas pelo ataque de ácaros na cultura da soja são significativas, 
conforme Freitas Bueno et al. (2009) mesmo baixas densidades populacionais de ácaros 
fitófagos podem prejudicar a capacidade fotossintética da planta, notada principalmente pelo 
fechamento estomático.  
Conforme Parra et al. (2002), o controle biológico assume importância em programas 
de manejo integrado de pragas, principalmente quando se quer uma agricultura sustentável, 
nesse caso, o controle biológico é importante como medida de controle para manutenção das 
pragas abaixo do nível de dano econômico. Estudos de biologia de espécies de predadores 
alimentando-se de diferentes presas são importantes para apoiar as estratégias de controle 
biológico aplicado. 
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Para os testes da biologia, preferência alimentar e taxa de predação, os ácaros 
utilizados foram coletados em plantas de soja da região Noroeste do estado do Rio Grande do 
Sul, Brasil, onde estudos recentes mostram a ocorrência de alta populações de espécies de 
ácaros fitófagos como M. planki, T. ludeni e T. urticae e ácaros predadores como N. idaeus, 
(REICHERT et al., 2014). O que nos levou a escolher estas espécies para a realização do 
referido estudo. 
Este é o primeiro trabalho que avalia a capacidade de desenvolvimento de N. idaeus 
quando alimentado com as três presas M. planki, T. ludeni e T. urticae e os resultados 
demonstram que N. idaeus é capaz de se alimentar e completar seus estádios de 
desenvolvimento com as três presas de ácaros fitófagos, os testes biológicos demonstraram 
que este predador quando alimentado com T. urticae tem a longevidade e a taxa de 
reprodução significativamente maior do que quando alimentado com M. planki. 
Ao oferecer para N. idaeus três espécies de tetraniquídeos houve preferência 
alimentar e de oviposição por T. urticae e T. ludeni em relação ao outro fitófago. Esses 
resultados explicam os obtidos por Reichert (2013) quando foi estudada a flutuação 
populacional de ácaros na cultura, sendo observadas altas populações de N. idaeus no período 
de altas populações de T. ludeni e T. urticae em cinco áreas na região Noroeste do estado do 
Rio Grande do Sul. 
Estudos têm demonstrado que a preferência alimentar de predadores pode ser devido a 
aprendizagem pré-natal ou embrionária (PERALTA QUESADA e SCHAUSBERGER, 2012) 
onde estes podem mostrar preferência pelas suas presas, especialmente levando em conta a 
dieta alimentar de sua mãe. Este comportamento também pode depender de experiências dos 
estágios imaturos e influenciar sua escolha quanto ao local de oviposição (GUTIERREZ, 
2007). Estudos realizados com A. swirskii criado em laboratório demonstram claramente que 
experiências anteriores podem influenciar na predação e na aprendizagem. Ácaros predadores 
são comumente criados em alimentos como o pólen ou outras presas que não o alvo pragas 
(FIDGETT e STINSON, 2009) mas são capazes de se ajustar rapidamente e aprender, 
reconhecendo a nova presa. Este estudo sugere que os predadores, embora criados em 
diferentes alimentos que o alvo presa, devem ser capazes de se ajustar rapidamente e aprender 
a reconhecer a nova presa. 
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Predadores especialistas do Tipo II tem preferência alimentar por tetraniquídeos 
(MCMURTRY et al., 2013), devido ao tipo de teia que produzem, já o gênero Mononychellus 
é classificado como ácaros do tipo LW-f, com pouca produção de teia (SAITO, 2010). 
Possivelmente este seja um dos motivo para que N. idaeus demonstrasse menor preferência 
alimentar por M. planki.  
O predador N. idaeus alimenta-se das diferentes fases de T. urticae e demonstrou 
preferência por ovos em todos os seus estádios de desenvolvimento, também demonstrou uma 
alta taxa de predação indicando estar adaptado a esta presa, considerando que a qualidade 
nutricional que desempenha um papel importante na expressão de parâmetros biológicos de N. 
idaeus (MORAES et al., 1994) e que pode ser o motivo da preferência alimentar por T. 
urticae. Possivelmente esta presa, apresente uma qualidade nutricional mais adequada para 
este predador. 
Assim, este predador pode ser utilizado em programas de controle biológico para T. 
ludeni e T. urticae já M. planki parece ser uma presa alternativa o que lhe permitiria a 
manutenção da espécie na falta dos outros dois fitófagos. No entanto, estes resultados foram 
obtidos no laboratório e novos estudos devem ser realizados no campo para validar esses 
resultados. Este predador deve ser considerado um potencial inimigo natural para uso em 
programas de controle biológico na soja no estado do Rio Grande do Sul, no entanto, mais 
estudos são necessários para definir os métodos de liberação em campo, resposta à predação e 
potencial para o controle em nível de campo. 
Existem indicações de que este predador pode suportar diferentes temperaturas e 
umidade relativa do ar, pois foi encontrado na região nordeste do Brasil associado ao ácaro 
verde da mandioca, M. tanajoa onde a temperatura média é mais elevada e a umidade é baixa 
(MORAES et al., 1990) e na soja na região Noroeste do estado do Rio Grande do Sul 
(REICHERT et al., 2014) onde geadas periódicas ocorrem e a umidade é mais elevada. Com 
as mudanças climáticas que estão afetando nosso planeta (NOBRE et al., 2012), talvez este 
predador seja o mais indicado para controle biológicos de ácaros Tetranychidae, mas para isso 
mais pesquisas fazem-se necessário, como testes biológicos para diferentes temperaturas e 
umidade relativas do ar. 
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CONCLUSÕES 
❖ Maior viabilidade de ovo-adulto e maiores valores dos parâmetros da tabela de 
vida acontecem quando N. idaeus é alimentado de T. ludeni e T. urticae, indicando uma 
associação mais forte do predador com essas presas, porém alimentando-se de M. planki 
também alcançam a fase adulta e ovipositam. 
❖ Neoseiulus idaeus preferiu T. urticae como presa, sendo preferido como 
alimento ovos desta presa. 
❖ O predador N. idaeus  apresenta potencial para controlar T. ludeni e T. urticae.  
❖ O predador N. idaeus demonstrou uma alta taxa de predação para com T. 
urticae sendo que nos estádios de protoninfas e deutoninfas a taxa de predação foi 
significativa. Contudo, maior quantidade de presas foi consumida na fase adulta. 
❖ O predador A. swirskii criado em laboratório com pólen e T. urticae são 
capazes de reconhecer e controlar a presa com eficiência. 
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